1. Introduction
===============

In recent decades, health system expenditures, especially hospitals, have increased throughout the world. The hospitals' share of the total cost of the health system varies between 50 and 80% in developed and developing countries. The main factors, such as aging, new and expensive technology, the increasing expectation and knowledge of people about their health status, and inefficient use of resources in hospitals can be affecting the increase in healthcare costs ([@b1-epj-08-2025]--[@b2-epj-08-2025]). One of ways to decrease healthcare costs, especially in hospitals, is to assess their performance over time by measuring their productivity and efficiency ([@b2-epj-08-2025], [@b3-epj-08-2025]). Measuring the performance of hospitals due to the numbers of input and outputs is very difficult and complicated ([@b4-epj-08-2025]). There are two methods for evaluating the performance of hospitals and other healthcare providers, i.e., data envelopment analysis (DEA) and stochastic frontier analysis (SFA).

DEA, as a non-parametric technique, is based on linear programming that estimates the frontier production function. This function is the maximum possible product that comes from a certain number of inputs. The shapes of the functions are convex, and there are no points under them ([@b5-epj-08-2025]). SFA, as a parametric technique, is based on econometric models and the theories of microeconomics. The technique uses a combination of data (panel data) to estimate the production (cost) function with regard to the hypothesis or statistical tests. SFA has several advantages over DEA. In the DEA approach, the efficiency of hospitals is measured relative to the observed best practice among all of the hospitals, and it does not provide any statistical test to confirm the results. However, in the SFA technique, the efficiencies of the hospitals are estimated and ranked based on the production (cost) function. Also, the DEA technique considers only one output, while SFA considers more than one output since hospitals have many important outputs ([@b6-epj-08-2025]). Previous studies have used the DEA and SFA techniques to determine technical efficiency of hospitals in developed and developing countries (Zere et al. in South Africa in 2000; Rosko in the USA in 2001; Goudarzi et al. in Iran in 2013; and Sajadi et al. in Iran in 2009 ([@b4-epj-08-2025], [@b7-epj-08-2025]--[@b9-epj-08-2025]). The aim of the current study was to use the SFA technique to determine the technical efficiency of teaching hospitals affiliated with the Kurdistan University of Medical Sciences in Iran from 2007 to 2013.

**2. Material and Methods**

This was a cross-sectional and retrospective study that estimated the technical efficiency of 12 teaching hospitals affiliated with Kurdistan University of Medical Sciences over 7 years from 2007 to 2013. The SFA method was used to reach this aim. Based on a previous study ([@b4-epj-08-2025]), four inputs, including the number of active beds, number of physicians (general and specialist), number of nursing staff, and the number of other staff members (non-medical staff and medical staff except nursing and physicians) and one output including the number of inpatient admissions were included in the study. The Cobb-Douglas function was used in the following formula ([equation 1](#fd1-epj-08-2025){ref-type="disp-formula"}):
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Where:

1.  Ln: natural logarithm

2.  Y~it~: output for hospital i in time t

3.  X~it~: a vector of inputs for hospital i in time t

4.  U~it~: hospital-specific fixed effects

5.  V~it~: random error term

Also, we used the likelihood Ratio (LR) to select the proper model ([equation 2](#fd2-epj-08-2025){ref-type="disp-formula"}).
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Where L(H~0~) is the null hypothesis likelihood function, and L(H~1~) is the hypothesis, which is asymptotically pre-supposed to have a mixed chi-squared distribution ([@b10-epj-08-2025]). Frontier 4.1 software was used to analyze the data.

3. Results
==========

The average of number of nursing staff, physicians and other staff for all hospitals over the study periods (2007--2013) were 127, 38, and 155, respectively. Also, the average number of active beds and number of inpatients admission were 138 and 11,046, respectively ([Table 1](#t1-epj-08-2025){ref-type="table"}). Estimated results by stochastic Frontier Analysis are presented in [Table 2](#t2-epj-08-2025){ref-type="table"}. The results showed that the LR test was equal to 15.7, indicating that the Cobb-Douglas function form was more appropriate. The results of the estimated elasticity of the input variables are presented in [Table 3](#t3-epj-08-2025){ref-type="table"}. Our findings indicated that the elasticity of active beds was 0.87, which was higher than the elasticities of other variables. Conversely, this finding showed that there were 10% increases in active beds, and the number of inpatient admissions increased by 8.7%. Also, the sum of elasticity of all variables was equal to 1.21; this finding showed that the return to scale was increasing. The elasticity of inputs of production and types of return to scale are shown in [Table 3](#t3-epj-08-2025){ref-type="table"}. The mean of technical efficiency of the hospitals over the period of the study was 0.68 based on the SFA model. The technical efficiency for studied hospital and their ranking between 2007 and 2013 by the SFA model are shown in [Table 4](#t4-epj-08-2025){ref-type="table"}. Also, our findings indicated that the highest and lowest technical efficiency among the hospitals were associated with Sina hospital at Kamyaran (0.91) and Shohada hospital at Dehgolan (0.36), respectively. Over the study period, the mean score of technical efficiency increased from 0.63 in 2007 to 0.75 in 2013.

4. Discussion
=============

The results of our study indicated that the technical efficiency of the hospitals was not appropriate. The mean of technical efficiency of the hospitals affiliated with Kurdistan University of Medical Sciences over the study period was 0.67, indicating there is 33% potential improvement without any increasing inputs or costs. This finding is consistent with the results of the study conducted in hospitals affiliated with Lorestan University of Medical Sciences (0.71) and hospitals affiliated with Kermanshah University of Medical Sciences (0.63) ([@b11-epj-08-2025], [@b4-epj-08-2025]). Based on the study period, the mean of technical efficiency was greater in 2013 than it was in 2007 (by about 0.12). In other words, the performance of the hospitals based on TE over the eight years of the study had a positive, upward trend. (It only declined in 2009 compared with 2008.) The increase and decrease of the trend were found in others studies ([@b4-epj-08-2025], [@b7-epj-08-2025], [@b12-epj-08-2025]). In this study, the Cobb-Douglas function was used to estimate the frontier production function, and the results showed this form, compared to the Translog functional form, was more appropriate, which was consistent with the results of a study conducted by Gannon ([@b13-epj-08-2025]). The results of our study indicated that the elasticity of active beds was greater than that of other variables, and the elasticity of nursing was negative, i.e., −0.75. A study conducted by Goudarzi et al. showed that the beds had the highest elasticity and that the elasticity of nursing was negative ([@b4-epj-08-2025]). The negative elasticity of nursing indicated that the number of nurses in the hospitals was more than the other inputs, such as beds, other staff, and physicians. In our study, the return to scale was increasing, which was consistent with a study conducted by Rezaei et al. in hospitals affiliated with Kurdistan University of Medical Sciences ([@b14-epj-08-2025]). The results of our study about ranked hospitals based on technical efficiency indicated that the highest and lowest mean scores were Sina Kamyaran and Shohada Dehgolan, respectively, which was consistent with the findings of a study conducted by Miraki et al. in hospitals affiliated with Kurdistan University of Medical Sciences in 2014 ([@b15-epj-08-2025]). Note that the methods used to evaluate the performance in both studies were completely different.

The current study has several limitations, so the results must be used with caution. First, we used the number of inpatient admissions to estimate the technical efficiency of the hospitals, and the case mix index was not considered. Second, the SFA model considered only outputs, and this may cause other important outputs in the hospitals not to be considered. Third, we did not consider the perspectives of the patients when the output variable including in the analysis.

5. Conclusions
==============

The results of our study indicated that, although the performance of hospitals of the Kurdistan University of Medical Sciences was better than in 2013 than in 2007, the overall performance of the hospitals over the 5-year study period was not appropriate, and about 33% of the inputs variables, such as nurses and other hospital staff members was not used. However, it is suggested that managers and planners of hospitals implement and design programs based on proper timing and plan measurement in order to use resources effectively and efficiently.
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###### 

Descriptive statistics of inputs and output variables for the hospitals (2007--2013)

  Hospitals   Active beds   Physicians   Nursing staff   Other staff   Inpatients
  ----------- ------------- ------------ --------------- ------------- ------------
  A           362           110          339             378           31500
  B           342           75           305             290           18321
  C           177           47           201             210           16479
  D           143           43           115             179           12034
  E           65            30           68              97            4790
  F           104           25           83              138           12917
  G           74            18           70              90            6012
  H           71            21           65              85            7061
  I           97            29           115             131           7868
  K           91            36           85              144           11013
  L           27            12           29              64            1617
  M           110           14           49              65            2940
  Average     138           38           127             155           11046

###### 

Estimation of the parameters of the SFA by the maximum likelihood model

  Variables       Parameters   Coefficients   SD     t-statistics
  --------------- ------------ -------------- ------ --------------
  Constant        β~0~         3.9            0.50   7.9
  Active beds     β~1~         0.87           0.22   3.9
  Physician       β~2~         0.26           0.18   1.4
  Nursing staff   β~3~         −0.75          0.22   3.3
  Others staff    β~4~         0.83           0.25   3.2
  Sigma square    *σ^2̄^*       0.42           0.08   5
  Gamma           *γ*          0.99           0.01   97.5

Log likelihood: −22.2; LR test: 15.7 (P \< 0.05)

###### 

Estimation of elasticity of inputs of production and types of return to scale

  Variables    Active beds                  Physicians                   Nursing staff                Other staff                  Return to scale
  ------------ ---------------------------- ---------------------------- ---------------------------- ---------------------------- -----------------
  Parameters   *E*~[*Y*]{.ul},[*B*]{.ul}~   *E*~[*Y*]{.ul},[*P*]{.ul}~   *E*~[*Y*]{.ul},[*N*]{.ul}~   *E*~[*Y*]{.ul},[*o*]{.ul}~   RTS
  Elasticity   0.87                         0.26                         − 0.75                       0.83                         1.21

###### 

Estimation of technical efficiency scores for the hospitals for 2007--2013

  Hospitals   2007   2008   2009   2010   2011   2012   2013   Average
  ----------- ------ ------ ------ ------ ------ ------ ------ ---------
  H           0.91   0.96   0.86   0.90   0.89   0.91   0.93   0.91
  F           0.80   0.84   0.88   0.92   0.96   0.95   0.95   0.90
  C           0.84   0.91   0.89   0.88   0.80   0.82   0.85   0.86
  G           0.76   0.77   0.80   0.85   0.89   0.90   0.91   0.84
  K           0.59   0.63   0.64   0.85   0.80   0.83   0.85   0.74
  A           0.86   0.75   0.69   0.65   0.70   0.72   0.74   0.73
  E           0.61   0.58   0.64   0.60   0.64   0.65   0.70   0.63
  D           0.50   0.67   0.58   0.50   0.68   0.69   0.72   0.62
  I           0.52   0.55   0.52   0.49   0.72   0.71   0.65   0.59
  B           0.51   0.56   0.44   0.50   0.48   0.55   0.57   0.52
  M           0.30   0.15   0.14   0.44   0.61   0.63   0.68   0.42
  L           0.38   0.32   0.32   0.33   0.35   0.39   0.40   0.36
  Average     0.63   0.64   0.62   0.66   0.71   0.73   0.75   0.68
